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We propose a possible measurement of the variability of the vacuum energy using strong gravi-
tational lensing. As an example we take an Einstein cross lens HST 14176+5226 and show that
the measurement of the velocity dispersion with the accuracy of ± 5km/sec determines the density
parameter with the accuracy of order 0.1, and it claries the existence of the vacuum energy as well
as its variability with redshift.
The vacuum energy is usually called as the cosmolog-
ical constant. It is now fashionable to assume a non-
vanishing value for it to explain some of the observa-
tions, such as the magnitude-redshift relation of high-z
Type Ia supernovae. However it is also well known that
the presently assumed value is some 10122 smaller than
a naive theoretical expectation based on dimensional ar-
gument. It is also argued that the vacuum energy is not
constant in time, but changes as Universe evolves [1]. Its
variability may be the key to understanding the origin of
the vacuum energy. Thus it is very important not only
to conrm the existence of the vacuum energy but also
to clarify its variability observationally.
Several methods have been proposed so far to deter-
mine the vacuum energy, e.g. the multiple imaged quasar
statistics [2{6] and the magnitude-redshift relation of dis-
tant type Ia supernovae [7{11], but very few is able to
measure its variability [12]. Here we propose a possible
method using strong gravitational lensing. As a matter
of fact one of the authors has pointed out that Einstein
ring system with suitable redshift combination between
the lens and source can be used as a powerful tool to
measure the vacuum energy [13]. We here point out that
the system and other similar systems are also powerful
to measure the variability as well.
In the below we restrict ourself to the totally flat cos-
mology which means that Ωm + Ωλ = 1, where Ωm and
Ωλ are the density parameter of matter and normalized
cosmological constant at present time, respectively. This
is supported by recent measurements of cosmic back-
ground anisotropy [14{17]. We also take an \Einstein
cross" gravitational lens system HST14176+5226 as our
example.
HST 14176+5226 has been discovered with HST as
a candidate of gravitational lens system in 1995 [18],
and subsequent spectroscopic observations have provided
conrmation that the system is indeed a lens [19]. The
elliptical lensing galaxy has a redshift of z = 0.803 with
apparent magnitude 21.7 in V band and 19.8 in I band.
The lensed source at redshift z = 3.4 appears to be QSO
with an apparent magnitude 26.2 in V band and 25.7 in
I band. The lens model based on a singular isothermal
distribution gives a very good t to the observed images,
with normalized χ2 of unity [20].
The lens model gives us the (tangential) critical line
which can be written in terms of the velocity disper-
sion of the lensing galaxy and the distance combination
Dls/Ds, where Dls is the angular diameter distance from
a lens to a source and Ds is one from the observer to
source. On the other hand, the distance combination
has a strong dependence on the vacuum energy Ωλ , but
has a week dependence on the matter contribution Ωm
as pointed out by Ref. [21]. Thus if the velocity disper-
sion of the lensing galaxy as well as the redshifts of the
galaxy and the source are observed, the vacuum energy
can be in principle well constrained when the redshift
combinations are appropriate. In fact the idea using the
tangential critical line as a method to determine the vac-
uum energy has been applied by Ref. [22] by observing
the decrease of the number density of background galax-
ies in the cluster Cl0024+1654 at the critical line, and
it is argued that the lower bound on the cosmological
constant is obtained assuming the spherical symmetry of
the cluster. However, the mass distribution of the clus-
ter is likely to deviate from spherical symmetry and the
eect does depend on the luminosity function and the
evolution of the background galaxies, which makes this
method dicult to withdraw any denite conclusion. On
the other hand, systems like HST14176+5226 have a al-
most perfect symmetry which allows us to have a very
good model tting.
In this Letter we investigate the possibility to mea-
sure the variability of the vacuum energy using HST
14176+5226. Although we restrict ourselves to this
system, the method can be applied to similar systems
with symmetrical congurations and appropriate redshift
combinations, such as Einstein ring system 0047-2808
and a quadruple lens system MG0414+0534. We shall
describe the vacuum energy as a perfect fluid with the
equation of state p = ωρ with −1  ω  0. The case
ω = −1 corresponds to the so called cosmological con-
stant. Then the angular diameter distance in the totally











Ωm(1 + x)3 + (1− Ωm)(1 + x)3(1+ω)
. (1)
The angular diameter distance comes in the lens equa-
tion through the lens potential which is modeled by an







(1− )θ21 + (1 + )θ22 , (2)
where σv is the one-dimensional velocity dispersion. The
ratio e between the minor- and major-axis is related with














Knowing the lens and source redshift zl, zs and θE ,
we plot the velocity dispersion σv in the ω − Ωm plane
on Figure 1. The region between the dotted vertical
lines indicates the allowed range of the density param-
eter 0.2  Ωm  0.4 which is suggested from various
observations concerning clusters [24].
FIG. 1. Contours of constant velocity dispersion σv in the
ω{Ωm plane. Constant σv lines are drawn in steps of 5 km/sec
for 200km/sec ≤ σv ≤ 225km/sec. Dotted vertical lines are
Ωm = 0.2 and Ωm = 0.4.
The gure shows that the velocity diversion is highly
restricted in the case of ω = −1 (the cosmological con-
stant case), namely 211  σv  219 km/sec. Thus it
shows that the system can be used as a good indicator
for the existence of the cosmological constant when the
observation of the velocity dispersion is performed within
the accuracy of, say, 5 km/sec which is achievable by any
of 8-10m telescopes with reasonable observational time.
Put it other way, the accurate measurement of the ve-
locity dispersion of the system, say 5 km/sec gives us
a determination of the density parameter Ωm with the
accuracy of order of 0.1.
The gure also shows the possibility of measurement
of the parameter ω, namely the variability of the vacuum
energy. If the measured value of the velocity dispersion
is relatively large as 225  5 km/sec, then the ω = −1
solution is inconsistent with the expected range of Ωm.
Thus it is extremely important to have an accurate mea-
surement of the velocity dispersion of the lensing galaxy.
Obviously there will be some errors in the modeling which
is also improved by accurate measurements.
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